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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a low corrosion 
rate and high strength hot rolled steel sheet having 
tensile strength of 3 590 N/mm2 and having excellent hole 
expansibility and ductility. 

SOLUTION: This steel sheet has a composition 
containing, by weight, 0.01 to 0.20% C, 0.05 to 1.5% Si, 



0.5 to 2.5% Mn, 0.03 to 0.2% P, 20.09% S, 0.1 to 1.0% 
Cu, 0.1 to 1.0% Ni, 20.010% N, 0.0005 to 0.01% Mg, 
0.002 to 0.07% Al and one or two kinds of 0.003 to 
0.25% Ti and 0.003 to 0.04% Nb, and the balance iron 
with inevitable impurities. Also the steel sheet 
contains MgO whose particle size is within 0.005 to 
5.0 |im or multiple oxide containing the MgO and one or 
more kinds of AI203, Si02, MnO and Ti203 by 1.0x103 
to 1.0x107 pieces/mm2 by controlling the oxide and has a 
steel structure mainly consisting of ferritic structure 
and the balance bainitic structure. 
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(54) [fg9I©£;fft] ^frf*<k3gttfc«n&^^^iai3fiffiS!a^«»^-€-G)fijfi*j* 



(57) mm 

mm] 9atwm?a±n3\&&ttmiGL* wximmi 

SSJfC, C:0. 01 -0.2056, Si :0. 05-1. 556, M 
n:0. 5-2. 556, P:0. 03-0. 256,S:0.009)jJ^T, Cu:0. 1 -1.0 
56,Ni:O. 1-1.056,N:O.O1O56WT, Mg:0. 0005-0. 0156, Al : 
0.002-0.0756, 5.0-Ti :0. 003-0. 2556, Nb:0. 003-0. 0456 

0 1iIli2ii-tU 5«»*^feaoqF:?r»W3F*t** 

-S.O/znKOigHC^^MgOXIi, MgOSr^-AkOs ,Si02, 
Mn0,Ti2(h Ol!U<li2 &VX±.<7>m&mV®>i> s 1 ¥ 
*mn*fc«)1.0 X1031@W±, 1.0 X10 7 iitlT-t-^, m 
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(2) 



4#H2 002-20838 



c : 0 . 0 1 %J£l±, 0.20 %WT\ 

Si : 0. 0 5 96JSUL, 1. 5%£IT> 

Mn I 0. 5%£Lt, 2. 5%filT\ 

P : 0. 0 3 0. 2%J31T\ 

S 10.0 0 9 %WT, 

Cu:0. i%a±, 1. 0%UT. 

Ni : 0. 1%J3LL, 1. o%&t\ 

N : 0 . 0 1 0 %WT, 

Mg : 0. 0 0 0 5%H±, 0. 0 1 %JiT, 

AllO. 0 0 2 %«Jt. 0.07 %J£HF\ 

Ti:0. 0 0 3%Ji±, 0. 2 5%y,T. 
Nb : 0. 0 0 3%a±, 0. 0 4%filT 

Sfi^O. 0 0 5^-5, O^mCO^ 
BK*&MgOSrt:(i. MgO^A 1 2 03. S i 
02 , MnO, Ti 2 03 (7)1 «fc L<(J2«£U:0« 
^IWl¥*mm*fcD 1. 0X1 0 3 fflJSLt, 

1. 0 x 1 0 7 IBJUT^tr. aaaa*^^ 
[St** 2] *»%icr 

C : 0. 0 1 %m_L. 0. 2 0%WT, 

S i : 0 . 0 5 %J£Lt. 1 . 5 %ttT, 

Mn : 0. 5%W±, 2. 5%J^T\ 

P : 0. 0 3%JSLh. 0. 2%J^T. 

S : 0. 0 0 9%ttT, 

c u : o . i %m±, i . o %j^t\ 

N i : o . l %JELh. l . 0 %£JLT\ 

N : 0 . 0 1 0 %WT> 

M g : 0 . 0 0 0 5 %JJLb. 0.01 %£HT, 

A 1 : 0 . 0 0 2 %BL±. 0.07 %&T> 

T i : 0 . 0 0 3 %J£JL_h. 0.25 %WT\ 
Nb : 0. 0 0 3%U±, 0. 0 4%WT 

oiijfcii2i*tu *o^?r»tt*« 

SfeU* IM^&FO. 0 0 5^m-5. 0 
j«mHTOMgOi<:(i, MgO^A I2 Os , S 
i O2 . MnO. T i 2 03 Olit L < (4 2 «£l±<7> 
«^«ffc«fc£*t*«KL-t\ -f-0«aiK (Nb, T 
i) N^tt^Mft<7)H, *W>fX^0. 0 
5^m-5. 0 // mJSLT<^IEHO*fffl«r**l Wmmi 
fc •) 1 . 0 X 1 0 3 «l£l±. 1 . 0 X 1 0 7 IliTt 
tr, aiiBU**:^^ h&*&£±£ \M«41-<t b&*& 

c : 0. 0 1%£Lt, 0. 2 0%tIT> 



S i : 0. 0 5%tl±, 1. 5%tlT, 
Mn : 0. 5%W±, 2. 5%£IT, 
P : 0. 0 3%£JLh, 0. 2 %tlT> 

s : 0. 0 0 9%mr, 

Cu : 0. 1 %J3Lt, 1. 0%WT> 

Ni : 0. 1 %JA±. 1. 0%J^T\ 

N : 0. 0 1 0%HT, 

Mg : 0. 0 0 0 5%ft±, 0. 0 1%WT> 

A 1 : 0 . 0 0 2 %BL±, 0.07 %WT> 

;o ijitr 

T i : 0 . 0 0 3 %m±, 0.25 %J^T\ 
Nb : 0. 0 0 3%ja±, 0. 0 4%WT 

Ca:0. 0 0 0 5%£Ji±, 0. 0 100%JiT 
REMTC^O^ft : 0. 0 0 0 5%W,_t. 0. 0 100 

$f^ib&*K fi^-S^O. 0 0 5 ^m-5. 0 m<7)|g 
20 li:*SMgOi/:lt MgOJ:t*Al2 O3, Si 
O2 . MnO. Ti 2 O3 <0 1 tt*> L < (4 2 i^lOtt 
&mt%9& l¥Umm$> tz*) 1. 0X1 0 3 «J3Lt, 
1. OX 1 0 7 «13LT*tr. aMM**7i9>f 

c : 0. oi%ft±, 0. 2 0%&T\ 
S i : 0. 0 5%ttl, 1. 5%HT> 

Mn : 0. 5%W±, 2. 5%J*T\ 

JO P : 0. 0 3%tt±, 0. 2%BIT> 

S : 0. 0 0 9%J£IT\ 

CuIO. 1 %J^_t, 1. 0%J^T\ 

Ni : 0. l%tLh, 1. 0%fllT, 
N 10.01 0%WT, 

M g : 0 . 0 0 0 5 %&±. 0.01 %mT\ 

A 1 : 0 . 0 0 2 %W±, 0.07 %£IT, 

T i : 0 . 0 0 3 %JELt, 0.25 %&T\ 
N b : 0 . 0 0 3 %fil±. 0 . 0 4 %JiT 

Ca:0. 0 0 0 5 %JflL_t. 0. 0 100%WT 
REMTC^^ff : 0. 0 0 0 5%Bl±, 0. 0 100 
%£TF 

»**<b*lK StPSj^O. 0 0 5 ^m-5. 0 fx mOM 
gOifctt. MgOmA I2 03 . Si O2. Mn 

o, Ti2 03 <oimi>L<i*2m&±<7>m&mtmt 

ZtiimiZLX, tOSfli: (Nb, Ti) N£*1-& 
50 MlfffiWH^ fOt>fX^0. 05//m-5. 0 
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//m<7)^HO*fmtl* J l¥*mm*7tl) 1. 0 X 1 O 3 

«jiai±, i. oxi o 7 «j3LT*tf, m&m*y*7<( 

■fcMUKBLfcJH*, ffII*7iSS^Ar 3 K£jA£L 
±&-f4EEffi*U 2 OC/s e c &±(DftM 

iSST-^iPL. 3 5 Ot- 6 0 0*CTitJfc£.I t 

[W*3l6] W*aiXI±W*«2XI±W*«3Xli 
■»3jt*4UIBLfcai*, E®»7i»K«:Ar3 KSA£L 
ifc-fSEEfcLJfcfe, 2 0C/secW±O^M 
-C6 5 Ot- 7 0 0 "C i T-<t*P U fefflSf 1 5WT 
£i£L£f£> l?JKi$iPL-C. 3 5 0"C~- 6 0 OttM 

[»*«7] W*3«lXt±W*«2 3 7 -l±W**3X(i 
fcv>T, S i tMnZmuLtzfe, T i £v£*D, -?"<0f* 

i:M g tAi ima-tizt*&WL£-r&ft.fflftetm 

[W*^8] »*S5XR*«6X(±ffi*:fl7 JCfc^ 
"C, MgO^^^JKt LTS i , Ni, C u, A 
U REM (3t±iS7cm) <01 &&2>^lt2ma±frb 

[W*59] »#«8Ki3V>-C, Mg^tWMgl 

Kan %ja±i o c k*»»i:-r*^:is:»f 

OFcMn, C r CDjftJgOfDjJ* 1 0 %*iST**^ >! t 

j»s»i*Ra f -t«>«ji*ft. 

[0 0 0 1] 

[«iflOJR-j-4S[*««] ±fcLT7V*in 
IS*l«i»*fflfi««:W*k U 1. 0-6. 0 mm 
ej£<0«JPT% 5 9 0N/mm ! W.±0§l553ftJSSr* 

[0 0 0 2] 



(3) #&fj 2002-20838 

rv»4 c tnUtf, #M¥4 - 8 8 1 2 5*S#, #03¥ 
3 - 1 8 0 4 2 6-^-^1;^^^^ h^iffct Lfz&m 

mmZtlX^&o ZblZ, fflf 6- 2 9 3 9 1 0-^& 

«r-t±2^*|i$rffl^4c t iaor7x7'f h£&m 
z t r*Kmm t eittpfi-r 

#^ jIBS-j^ 0>*0\ Wife tc «fc 4 *■ y e > 

>9, fEJfeli-eottftfc LT T^L^J *Jii£A,*!IIl*lS: 

m<n i ^**se»*o silTv****, s 

a *> «fi-c«± r - 9 mam ? it* ^*6^«b#{zie#&# 

6 0 - 3 2 7 0 9 ) o £ fc, 7-1 1874 

0 T'<± 2 SJ^iPS-ffl^S i t K J: o TTt&lf^Otnltt 

e»*<o$e)**e»fb*nsi, g&p a pOi*8Ht: 

ifrftttf*** <b *t±BJHIfCtt*tlD L # it* v»?«*ft*n 
50 114. *5llftfl:*Tf*SitTv»*o 
[0 0 0 3] 

[»W^I»ftUJ:i t-t4I«M] *#&Wi5 9 ON/m 
m 2 ^7^mJiO|St®»^{CK-t"-l> tot?, flE*lfc7ti£ 

(fit 1 i m±l l fzmmm±mz&titz#i&mm£m 

[0 0 0 4] 

# ;*:<7) ?77? <o«fi*tSt?* 4-t(±J:<^i«b*t4 
40 U^til.^ ^l&WS'b Lfcfe*, Mg 

b, Ti) Noa^-«fm»**b-«iioujWtt«fms-*4 

50 If ^fS¥ 1 1 -3 2 3 4 8 8 <t 4®I*I^^14Q: 
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*9 > 1 1 - 2 3 6 6 4 5 ^m<om^U<0^itiZ 

[0 0 0 5] 1) lf%t:tc : o. oi%a±, 

0. 2 0%J^T\ S i : 0. 0 5%ja±, 1. 5%& 
T> Mn!0. 5%i^±, 2. 5%ttT> P : 0. 0 
3%J^±, 0. 2%J£TF\ S : 0. 0 0 9%£IT, C 
u : 0. l%£Lt, 1. 0%fllT, Ni : 0. 1%& 
±, 1. 0%WT> N : 0. 0 1 0%WT> Mg : 
0 . 0 0 0 5 %£LL, 0.01 %WT, A 1 : 0 . 00 
2 %£l±* 0.07 %tlT, J3 J: tTT i : 0 . 0 0 3 % 
J^_t, 0. 2 5%ttT, Nb : 0. 0 0 3%U±, 0. 
0 4%WTOlti^(i2lt*U JMfrMfcfeiOOF 

^raw^*6«»*^i^, s^g^o. 005^-5, 

Os, S i02 , MnO, T i 2 Os 01 tt<>L<li2 
•£l±^>«^Rft** f 1 fjramifc •) 1 . 0 X 1 0 3 
«£Lt, 1. 0X 1 0 7 «£lT*tr. *lftlfc*-7i?>f 

[0 0 0 6] 2) Mt%HTC : 0. 0 1 %fiLL> 
0. 2 0%ttT, S i ! 0. 0 5%£i±, 1. 5 %£l 
T\ Mn : 0. 5%JA±. 2. 5 %J£TF\ P 10. 0 
3%J2Lt, 0. 2%ttT, S : 0. 0 0 9%JiT, C 
u : 0 . 1 %£l±, 1 . 0 %WT\ N i : 0 . 1 %J£l 
±. 1. 0%tiT> N : 0. 0 1 0%WT\ Mg : 
0 . 0 0 0 5 %£Lt, 0.01 %tiT, A 1 : 0 . 00 
2 %J3Lt. 0.07 %£JIT\ & X If T i : 0 . 0 0 3 % 
feJl±, 0. 2 5%HT, Nb: 0. 0 0 3%JELb, 0. 
0 4%J£lTOl*4fc(i2«£'*U »»#fti3J:V5p 
T*«*tt«^fcfc^ Sfcfc. *3M**0. 0 0 5^ 
m-5. 0 sxm&T<DMgOifz&, MgOi^A 1 
2 Os > S i O2 . MnO, T i 2 O3 <01 L< (i 
2!lia±0«-g«fti»i:iK4:«ULT. 

(Nb, Ti) N**1-*«**fm»o^> JrWJ 
0 5 ^im- 5. 0//mJ^TOfgHO*fm^ ? l 
^mm*7t»3 1. 0X10 3 1SW±, 1. 0X1 0 7 

[0007] 3) fiS%tirc : 0. 0 1 %a±, 
0.20 %WT, S i : 0 . 05 %J£JUt. 1 . 5 %ja 



(4) 1*^2 0 0 2 - 2 0 8 3 8 

L MniO. 5%a±, 2. 5%£IT, P : 0. 0 
3%U±> 0. 2%tlT, S : 0. 0 0 9%filT\ C 

u : 0 . 1 %a±, 1 . 0 %UT> n i : 0 . 1 %u 
±. 1. o%£TF\ n : 0. 0 1 o%WT, Mg : 

0 . 0 0 0 5 %J£JL±. 0.01 %JttT\ A 1 : 0 . 00 
2 % JSLt, 0.07 %WT, £ J: £TT i : 0 . 0 0 3 % 
J0L±, 0.25 %»T\ N b : 0 . 0 0 3 %Jft±. 0 . 
0 4%tlTOl«ifc(i2fll*3firL. Rff^ft^JlO^ 
nraw^ww*^* *K £ C a : 0. 0 0 0 5% 
10 fiUb, 0. 0 1 0 0%J^TREMxf^it: 0. 0 0 
0 5%H1, 0. 0 1 0 0%JBTFOl«*fc(i2!I£* 

0. 0 0 5//ra-5. O^mCOKHtc^b^MgOSrt: 
(i. MgOmA I2 Os. S i O2 „ MnO, T i 
2 O3 <Dimi> L< «4 2«Ja±0«^»<t«* f l 5 F*m 
m*fcl)l. 0Xl0 3 1SWJi. 1. 0X10 7 H^T 

20 [0 0 0 8] 4) li%CTC : 0. 0 1 %tl±, 
0. 2 0%£JLT. S i : 0. 0 5%W±, 1. 5 
T\ Mn : 0. 5%&±. 2. 5%WT, P : 0. 0 
3%J^±, 0. 2%JHIT\ S : 0. 0 0 9%£IT, C 
u : 0 . 1 %JEJLb. 1 . 0 %J^T, N i : 0 . 1 %J£l 
_L, 1. 0%»T, N : 0. 0 1 0%J^T> Mg : 
0 . 0 0 0 5 %£Lb> 0 . 0 1 %J^T\ A 1 : 0 . 0 0 
2 %J^_b, 0.07 %£IT\ J: t^T i : 0 . 0 0 3 % 
£Lt. 0.25 %£JLT\ N b : 0 . 0 0 3 %fiLt. 0 . 
0 4 %WT^) 1 94 fit* 2 U J: 0*>F 

50 PT«W^ft%tf* ZblZ^ Ca:0. 0 0 0 5% 

JSLL. 0 . 0 10 0 %&T 

REMTC^O^if I 0. 0 0 0 5%ft±, 0. 0 100 
%tlT0 1«ifctt2«**L. »»* f ft*5 J: O^bTjB 
W«»fr?>4 0^ fifgi*0. 0 0 5 ju 5. 0^ 
mOMgOi^ti. MgO^A I2 O3 , Si 
O2. MnO, Ti 2 03 <Dimi>L<l±2mVX±<OM 

N&*"f **^Wffl»0^*, 0 5// 

m-5. 0^mCOjiHO*fa5^^l¥*mm*7t:»} 1. 

40 0 x 1 0 3 ffliii±> 1 . 0 x 1 0 7 fljaT^tr. mmrn 
^7x7^ bam«r±t La^^f^-f ha^i:-r^-^ 

[0 0 0 9] 5) iS*aiXiiiS*a2XiilS**3X 
I*S**4UKL*:S1£. JES^TSS^Ars KXRjft 
ttltf^ES^l, ?IIH20t:/se c£l±0» 
*PiSJ*-e^±PL, 3 5 0t-6 0 0ttf^ui:*i|$ 

50 (B«ftft««3ftft»Sfll«oSjt#£o 
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7. 

[0 0 10] 6) W*JRlX«iW*^2XfiW**3X 

tlltt *£5££L.*:&, 2 Ot/s e c tt_L«>*fr*PJi 
St'6 5 0"C- 7 0 OlCf T'i^iPU f£zSKT* 1 5 #J-J. 
T^L^tt. SSJtiPLr, 3 5ot-6oor;t-t 

[0 0 11] 7) »**lX(iW*«2 3Z.(ilt**3X 

USE L fcflo«a*iS U* It £ »«XSoi£^MCEKHf 
U:*5V>t\ S i iMn^JraLfcl, T i SrEsilK 

[0 0 12] 8) »**5Xfflt*JS6 3H±»*«7Ui3 
v^T, MgO«iitit ITS i , Ni, Cu, A 
1, REM m±mytm) 0 1***v»(i2«JSUt^t> 

[0 0 13] 9) S*^8(;iJV^Tx Mg^tOMg 

[0 0 14] 1 0) ffl&%.7frb 9UiJV»T, Mg^ 
ifWFe.Ma, C r CDtgJgOfi]^ 1 0 %*}«T-*^> C 

[0 0 15] 

<n®.± ?y->? <o%± *iwm * -tt-^ltJf it t eft:* S * 4 

[0 0 16] f-T. *^<O^OiS3eafil--^^^T^ 

*fi* s #-< iit> *nxe«i^bi-*o tco. 2 0% 

h) 0. 2 0%JSIT, fcfc'U 

#*L<(40. 1 5%JilT^i L^o STt, 5SS5t« 
<r>mx-o. 0 1 %lJL±(±^T-*4o 
[0 0 17] S i M\ J&ftiSlKlftMOT^KIil&v^;^ 

f*4o £©»***ffiHU«fS"r*fcAKt±, 0. 0 5 

1. 5%Sr±Ht-r4 0 

[0 0 18] Mnii, 3fi*«6«U£«ix!!R-C*> *) , £ 
ffiO. 5 0%<D^ijP*f^T-*4 o Lt»>U #fit-r.febn 
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8 

it«->(iJtffi:»fte**fl:$*<&o ZilX *) 2. 5 0%£± 

[0019] pj*»fttttc«<)S»**a(si-x*-c* 
4*t=»^:lil#«fA»=*«i-c*»), o. 0 3%J-uo 

^t«!T-*4o P ttiSSJttUJBv* t $ fix £ tzfiK 

[0 0 2 0] SliMnSf^iIMt*±tL, J§ 

L^xf t) , iJDfl±^iv>S2l L < , 0. 00 
9%^Ttt4 0 fztzL. 0. 0 0 5%mcoif 
liifi:Sft4fc*0. 0 0 5%JaT* t 3t Lv\, 
[0 0 2 1 ] Cul±$Si«:t.M?«±tP!:t< ) 
l-<J&S&7C3fc-e* >K 0. 1 0%J-JL±T-^^tL4o 
1. 0%*i8x*fc*mo»*«*l&ftU "v^Sr 
20 if<O^RSS:f|*.$-tir^-t-<-r4<0-C 1. 0%£±&i 

-t£o 

[0022] NiliCu ^ycOf&^cO^iliU^-t 1 * 

t),c u mm^mm-t-i z t &m t tz, m-ka 

h<D_L#£JB< tztblM* 1. 0%i-f£o 
[0 0 2 3] N<±, *DXtt*?tfS-r4^:*U(±^-^v^ 

**Av»o o. o i o%*«x*i:jinxtt***fi:Lr<* 

O-C, 0. 0 1 0%J3lTi:U 0.0 0 5%WTj&*M* 
[0 0 2 4] Mgii, **9iUim***>*3?fciSiii5c 
rartfcft*»*i-4**, ;<oil«?MMgOt/c 

liMgO^r-i-tfA 1 2 03 , S i 02 . MnO, T iz 
03 0«#«ffc»**Hfcl±M g *«ta L«rv»fi£jfeOil*C 

(C^*7> J *-St#x.<btt-i) 0 tztzL, 0. 0 0 0 5%* 

htztb±M*0. 0\%t-fZ> a 
[0 0 2 5] A l li*&Wlz&lfZ>m:i>Mm%mU7t% 

«-ofij 0 a i tiMg tfmaz *iTv>4Nf> ^tr* 

(UfiSitoMgA I2 O4 H-^Kifciftt^riEL-^-*- 
v>. M g A l 2 O4 m^mtmiMgOZStsA I2 O 
50 3 . S i O2 , MnO, T i 2 03 om^-SKMIJO 9 *> 
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« 1 

9 

&t>m* utm-t & - 1 x-®.±?? •? ? of^fcjwji- 

t#x."btt^o .Ifti^O. 0 0 2 %W±^Sni-^>o tz 

tz Lmn&* s mu-f& t m gastpos6#*ffi#i-4 

0. 0 7%JBLTfc-T4o ttUlfc&SMfcttO-? *>Mg 

«lffl^t»*J: 3t*UttaStP*(iO. 0 2 

%- 0. 0 7%**Mi Lv>„ 
[0 0 2 6] Tu NbJi**WUiJ(t*«4*S** 

t,#i:^v>MgOi^MgA 12 0 

!±MgAl2 04 oai**^ KittliStJiN^ 
itib«)|S***S6t=l&»S**fcAU(iNb, Titt 

<tto. 003 %<o?^n^-£.g-r** , o . o 

LTTiliO. 2 5%fllT, Nbl±0. 0 4%«Ttt 

[0027] c a \tmvctoftnfrWhoj&imn u 

*t;i±0. 0 0 0 5%J0L±Oi^JO*«dZ^-C*a o — ^> 

13u Stt^i% -ttJ: <)±l&£o. oioo%tt 

&<> REM7C*(iC a i: |B]1f <D$J*£*-T &o -f&fr 

R E M7C^<0-g-ft"T- 0 . 0 0 0 5 %W±<^ftntf s £-^-e 

tztb±®.*0. 0100%ttJ o 
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